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HABITAT CHARACTERISTICS IN THE CORE BREEDING RANGE 
OF THE SWAINSON’S WARBLER 

GARY R. GRAVES 12 


ABSTRACT.—1 investigated the physiognomic and floristic characteristics of Swainson’s Warbler ( Limnoth- 
lypis swainsonii ) territories at five localities within its core breeding range in Arkansas, Mississippi, Louisiana, 
and Florida. The warbler attained its greatest abundance (10-20 territorial males/km 1 2 ) in floodplain forest char¬ 
acterized by small (<25 cm dbh) trees (ca 620-820 stems/ha) and understory thickets of saplings, vines, and 
shrubs (ca 35,000-48,000 small woody stems/ha). Territories in mature forest typically were associated with 
disturbance gaps. Canopy height, basal area, and floristics appear to be relatively unimportant factors in habitat 
selection, provided that understory requirements are met, which explains the warbler’s occurrence in regenerating 
clearcuts as well as in relic tracts of old growth forest. Giant cane ( Arundinaria gigantea ), hypothesized to be 
an essential habitat requisite along the northern periphery of its breeding range, was sparse or absent in the 
prime breeding locations surveyed in this study. Selective thinning and clearcutting are viable habitat manage¬ 
ment techniques for the Swainson’s Warbler. Received 28 August 2001 , accepted 28 February 2002. 


The success of management programs for 
Nearctic-Neotropic migratory birds ultimately 
will depend upon a thorough understanding of 
the fundamental habitat requirements of 
breeding and wintering populations. This un¬ 
derstanding typically is acquired in incremen¬ 
tal phases, beginning with the compilation of 
life history anecdotes and narrative descrip¬ 
tions of habitat (Brewster 1885, Wayne 1886, 
Widmann 1895) and the mapping of breeding 
and wintering distributions (Robbins et al. 
1992, Remsen 2001). Once general habitat 
preferences are known, research customarily 
shifts toward the quantification of habitat 
structure (Eddleman et al. 1980), investigation 
of nesting and foraging microhabitats (Rob¬ 
inson and Holmes 1984, Parrish 1995, Graves 
1998), surveys of geographic variation in hab¬ 
itat structure (Dow 1968; Collins 1983a, 
1983b; James et al. 1984), and the correlation 
between measurable features of the environ¬ 
ment and distribution and abundance of pop¬ 
ulations (Orians and Wittenberger 1991, 
Stowe et al. 1993). In the final phase, re¬ 
searchers examine the influence of spatial and 
compositional attributes of habitat on the fe¬ 
cundity and viability of populations (James et 
al. 1997). Although considerable progress in 
habitat analysis has been made during the past 
50 years (Wiens 1989), investigative studies 
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on the majority of migratory species are still 
firmly mired in the secondary phase of diag¬ 
nosis and quantification (see accounts in Poole 
et al. 1992-1993; Poole and Gill 1993-1997; 
1998-2002). 

This paper addresses the physiognomic and 
floristic characteristics of habitat in the core 
breeding range of the Swainson’s Warbler 
(Limnothlypis swainsonii). Though locally 
common in the lower Mississippi Valley and 
on the coastal plain from eastern Texas to 
southeastern Virginia (Meanley 1971, Brown 
and Dickson 1994, Graves 1998, Winker et al. 
2000), this warbler currently is ranked as the 
second most endangered breeding songbird in 
the southeastern United States because of hab¬ 
itat destruction on its breeding range, relative¬ 
ly low population density, and a small win¬ 
tering range in the Caribbean basin (Morse 
1989; Terborgh 1989; Hunter et al. 1993, 
1994; Smith et al. 1993; Thompson et al. 
1993; Brown and Dickson 1994; Rappole 
1995; Mueller et al. 2000). Despite the atten¬ 
tion and financial resources focused on the 
Swainson’s Warbler by conservation organi¬ 
zations over the past two decades, surprisingly 
little is known about its fundamental breeding 
habitat requirements (Graves 2001). Narrative 
descriptions of habitat are plentiful, but these 
offer only a fragmentary characterization of 
the factors relevant to the warbler’s breeding 
biology (e.g., Brewster 1885; Wayne 1886; 
Beckham 1887; Widmann 1895; Brooks and 
Legg 1942; Meanley 1945, 1966, 1969, 1971; 
Sims and DeGarmo 1948; Brown and Dickson 
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1994; Graves, 1992, 1998; Carrie 1996; 
Graves et al. 1996). As a direct consequence 
of the warbler’s secretive behavior and large 
territory size (3-18 ha), and the difficulty of 
conducting field work in the inhospitable, fre¬ 
quently impenetrable, floodplain habitat fa¬ 
vored by this species, the critical mass of 
quantitative data required for the design and 
implementation of sound conservation policy 
is lacking. 

Quantitative studies of the physiognomy 
and floristics of Swainson’s Warbler habitat 
have been conducted in its core breeding 
range in South Carolina (Peters 1999) and 
Louisiana (Bassett 2001), and near the north¬ 
ern margin of the breeding range in Illinois 
(Eddleman 1978, Eddleman et al. 1980), Mis¬ 
souri (Thomas et al. 1996), and the Great Dis¬ 
mal Swamp, Virginia (Graves 2001). Conclu¬ 
sions drawn from these studies, however, are 
somewhat contradictory. Most notably, Eddle¬ 
man et al. (1980) and Thomas et al. (1996) 
stressed the importance of giant cane ( Arun - 
dinaria gigantea) as a critical component in 
habitat restoration plans for declining popu¬ 
lations of Swainson’s Warblers in Illinois and 
Missouri. However, substantial populations of 
Swainson’s Warblers are known to occur in 
many localities within the core breeding range 
where cane is either scarce or absent (Graves 
2001). Such geographic variation in habitat 
use is a well-known behavioral phenomenon 
among passerine birds and correlations be¬ 
tween habitat occupancy and specific com¬ 
ponents of breeding habitat frequently exhibit 
significant regional fluctuations (Dow 1968; 
Collins 1983a, 1983b; James et al. 1984). Col¬ 
lectively, these studies suggest that habitat 
management and conservation efforts in the 
core breeding range of the Swainson’s War¬ 
bler should not be predicated on data obtained 
from geographically peripheral populations. 

This study was not designed to evaluate 
habitat selection of the Swainson’s Warbler— 
the comparison of occupied sites to those 
available within a local area. Rather, my ob¬ 
jective was to evaluate geographic variation in 
the physiognomic and floristic characteristics 
of territories in order to address three principal 
questions: (1) Does the physiognomy of ter¬ 
ritories vary geographically? (2) Is giant cane 
an essential element of breeding habitat? (3) 
Are there regional differences in the litter-pro¬ 



FIG. 1. Study sites depicted in the potential distri¬ 
bution (black) of floodplain deciduous forest and po- 
cosins in the southeastern United States (redrawn from 
Kuchler 1966), which support the bulk of contempo¬ 
rary breeding populations of Swainson’s Warbler. 

ducing tree species found on territories? Fi¬ 
nally, I discuss the pertinence of physiognom¬ 
ic and floristic data to habitat management 
programs. 

METHODS 

Habitat assessment .—I censused breeding popula¬ 
tions of Swainson’s Warblers along transects in large 
(>8,000 ha) tracts of floodplain forest on public lands 
(Fig. 1) with the aid of “playback-and-follow” trials 
(Graves 1996). The location of territories was recorded 
on soil survey maps prepared by the USDA Soil Con¬ 
servation Service. I randomly chose territories for hab¬ 
itat analysis. Employing the sampling methods out¬ 
lined by Graves (2001), I centered a circular sampling 
plot (0.045 ha, diameter = 24 m) at the first terrestrial 
site in each territory at which the undisturbed male was 
observed to both sing and forage (n = 49 territories). 
The Swainson’s Warbler is a terrestrial dead leaf spe¬ 
cialist that feeds primarily on litter arthropods whose 
availability is linked to the characteristics of soil and 
leaf litter (Graves 1998, 2001). A substantial body of 
data indicates that males and females use similar for¬ 
aging microhabitats (Graves 1998). Sampling at dual 
purpose singing-foraging sites ensured that the physi¬ 
ognomic and floristic data obtained actually corre¬ 
sponded to microhabitats used by Swainson’s War¬ 
blers. I located sampling plots 40-200 m from road¬ 
sides to minimize edge effects, although Swainson’s 
Warblers may actually prefer roadside habitat in cer¬ 
tain instances (Graves 2001). Four additional plots in 
the Whiskey Bay study area (see site descriptions, be¬ 
low) were centered at active nests near singing sta¬ 
tions. Data from these nesting sites were collected after 
the nests were destroyed by predators or the young had 
fledged. 
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I measured 14 habitat characteristics in each plot 
(one plot per territory). Trees (>5 cm dbh) occurring 
in 0.045-ha plots were measured to the nearest cm and 
identified to species. I calculated basal area from raw 
field measurements, whereas stem diameter was con¬ 
verted to size class for comparison. I identified and 
counted all woody vines supported by trees (at 1.4 m 
above ground). I also identified and counted small 
woody stems (<5 cm dbh; i.e., shrubs, tree saplings, 
woody vines, cane) in four circular subplots (12.6 m 2 , 
diameter = 4 m) positioned at the cardinal compass 
coordinates on the perimeter of the 0.045-ha plot. I 
obtained exact counts by clipping all small stems with¬ 
in each circular subplot at a height of 0.5 m above 
ground. 

Flooding has a profound influence on habitat occu¬ 
pancy patterns of the Swainson’s Warbler (Meanley 
1966, 1971; Graves 2001). I did not incorporate hy¬ 
drological data (presence of standing or pooled water) 
in the analyses, however, because of variation in the 
interval (1-78 days) between the marking of foraging 
sites and the subsequent collection of vegetation data. 

Site descriptions. —I conducted the study at five sites 
(Fig. 1). (1) Crowley’s Ridge (34° 38' N, 90° 39' W), 
St. Francis National Forest, Lee and Phillips counties, 
Arkansas. This study area paralleled the ecotone be¬ 
tween Crowley’s Ridge, a loess formation of Pleisto¬ 
cene age, and the floodplain of the St. Francis and 
Mississippi rivers. Second growth forest along the cen¬ 
sus transect included typical floodplain taxa (e.g.. Car - 
ya aquatica ) as well as those species restricted within 
the Mississippi Embayment to Crowley’s Ridge (e.g., 
Lireodendron tulipifera). Soils were Convent silt 
loams (coarse-silty, mixed, nonacid, thermic Aerie Flu- 
vaquents; Hogan and Gray 1974, Gray 1977). Males 
establish breeding territories on the Gulf Coastal plain 
and in the lower Mississippi Valley during the second 
and third weeks of April (Meanley 1971, Brown and 
Dickson 1994). 1 marked foraging sites 4-7 May 1993 
(n = 6) and collected habitat data 5-7 May 1993. Pop¬ 
ulation density in the study area was ca 3.8 males/km 2 . 

(2) Sunflower River (32° 5 L N, 90° 46' W), Delta 
National Forest, Sharkey County, Mississippi. 1 sam¬ 
pled territories on the floodplain of the Big Sunflower 
River in second growth forest (n = 7) and in the largest 
remaining tract of old growth forest (n = 3) in the 
Mississippi Delta, all on Sharkey clay soils (very-fine, 
montmorillonitic, nonacid, thermic Vertic Hapla- 
quepts; Scott and Carter 1962). 1 marked foraging sites 
from 25 April to 1 May 1993 and collected habitat 
data from 28 April to 2 May 1993. Population density 
in the study area was ca 4.8-9.3 males/km 2 . 

(3) Whiskey Bay Pilot Channel (30° 24' N, 91° 40' 
W), Sherburne Wildlife Management Area and At- 
chafalaya National Wildlife Refuge, St. Martin Parish, 
Louisiana. The study site on the east bank of the main 
channel of the Atchafalaya River was dominated by 
second growth deciduous forest (10-50 years old) on 
Convent silt loam soils (Murphy et al. 1977). The eye 
of Hurricane Andrew passed directly over the study 
area on 26 August 1992, causing moderate canopy 


damage and scattered windthrow (Doyle et al. 1995). 
I marked foraging and nesting sites from 26 April to 
10 May 1994 (n = 14 foraging sites; n = 3 nests) and 
10 May 1995 (n = 1 nest); B. L. Tedford collected 
habitat data from 27 April to 30 June 1994 and on 10 
June 1995. Population density in the study area was 
ca 11.3-14.2 males/km 2 . 

(4) Pearl River (30° 25' N, 89° 43' W), Bogue Chitto 
National Wildlife Refuge and Pearl River Wildlife 
Management Area, St. Tammany Parish, Louisiana. 
The study site on the floodplain of the Pearl River was 
characterized by second growth forest of mixed age 
(10-60 years old) on Arktabutla and Rosebloom soils 
(fine-silty, mixed, acid, thermic Aerie Fluvaquents; 
Trahan et al. 1990). I marked foraging sites from 25 
April to 6 May 1995 (n = 1 territories); B. L. Tedford 
collected habitat data 1-23 July 1995. Population den¬ 
sity in the study area was ca 20.5 males/km 2 . 

(5) Apalachicola River (30° 04' N, 89° 43' W), Lib¬ 
erty County, Florida. The study site on the floodplain 
of the Apalachicola River in the Apalachicola National 
Forest was a patchwork of regenerating clearcuts 
(mostly 1-8 m high) and tracts of taller second growth 
deciduous and mixed deciduous-pine forest (20-30 m) 
on Meggett loam soils (fine, mixed, thermic Typic Al- 
baqualfs; USDA Soil Conservation Service unpubl. 
data). 1 marked foraging sites 28-30 April 1996 (n = 

12 territories); B. L. Tedford collected habitat data 9— 

13 June 1996. Population density in the study area was 
ca 5.6 males/km 2 . 

Statistics and hypothesis testing. —I tested variables 
for goodness of fit to a normal distribution with Lil- 
liefors test. Nine of 14 variables exhibited significant 
deviations from normality even after being subjected 
to variance-stabilizing transformations. Therefore, I 
used a series of nonparametric one-way analysis of 
variance tests (Kruskal-Wallis ANOVA) to evaluate 
geographic variation among physiognomic and floristic 
variables (Table 1). Significance values were Bonfer- 
roni adjusted for the number of simultaneous tests (P 
= 0.05/14). The univariate relationship between se¬ 
lected pairs of variables was evaluated with Spearman 
rank correlation coefficients. Covariation among vari¬ 
ables was evaluated with principal components anal¬ 
ysis (PCA) of correlation matrices for transformed var¬ 
iables. This procedure transforms a group of generally 
correlated variables into a set of uncorrelated compos¬ 
ite variables and is particularly useful for reducing the 
dimensionality of complex data sets for graphic pre¬ 
sentation. All analyses were performed with SYSTAT 
ver. 9 (SPSS, Inc. 1998). 

RESULTS 

Kruskal-Wallis ANOVA revealed signifi¬ 
cant geographic variation in 8 of the 14 hab¬ 
itat variables, although locality medians were 
relatively similar in magnitude for most vari¬ 
ables (Table 1). For example, although the 
basal area of trees (BAS) on individual plots 
had a range of 6.1-87.4 m 2 /ha, locality me- 


TABLE 1. Ranges (medians) of physiognomic and floristic variables measured on 0.045-ha plots in 53 territories of the Swainson’s Warbler at five localities in 
the core breeding range of the species in the southeastern United States, 1993-1996. 
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a Bonferroni adjustment: 0.05/14 = 0.0036; 0.01/14 = 0.0004; 0.001/14 = 0.00007. 
b Median of data pooled across study sites. 
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TABLE 2. Tree species that composed more than 5% of the stems (dbh > 5 cm) in 53 territories of the 
Swainson’s Warbler at five localities in the core breeding range of the species in the southeastern United States, 
1993-1996. Total number of tree species at each locality is given in parentheses; values are percentages. 




Locality 




Crowley’s 

Sunflower 

Whiskey 

Pearl 

Apalachicola 

Tree species 

Ridge (28) 

River (17) 

Bay (23) 

River (22) 

River (18) 

Liquidambar styraciflua (sweet gum) 

12.2 

14.8 

— 

25.1 

18.1 

Ulmus americana (American elm) 

13.5 

13.9 

6.4 

— 

— 

Acer rubrum (red maple) 

— 

7.2 

7.4 

— 

5.2 

Quercus nigra (water oak) 

— 

— 

— 

22.4 

12.0 

Acer negundo (box elder) 

— 

11.5 

20.6 

— 

— 

Celtis laevigata (sugarberry) 

— 

28.7 

— 

— 

— 

Cornus drummondii (rough-leaved dogwood) 

— 

— 

26.0 

— 

— 

Carpinus caroliniana (American hornbeam) 

— 

— 

— 

23.3 

— 

Pinus elliotii (slash pine) 

— 

— 

— 

— 

20.0 

Liriodendron tulipifera (tulip poplar) 

13.5 

— 

— 

— 

— 

Myrica cerifera (wax myrtle) 

— 

— 

— 

— 

11.1 

Forestiera acuminata (swamp privet) 

— 

8.6 

— 

— 

— 

Fraxinus pennsylvanica (green ash) 

— 

— 

8.1 

— 

— 

Sassafras albidum (sassafras) 

7.0 

— 

— 

— 

— 

Platanus occidentals (sycamore) 

— 

— 

7.0 

— 

— 

Cyrilla racemiflora (titi) 

— 

— 

— 

— 

6.8 

Halesia diptera (two-winged silverbell) 

— 

— 

— 

6.7 

— 

Quercus laurifolia (laurel oak) 

— 

— 

— 

— 

6.6 

Nyssa sylvatica (black gum) 

— 

— 

— 

— 

6.6 


dians varied from 13.0 m 2 /ha (Pearl River) to 
29.3 m 2 /ha (Sunflower River). Substantial var¬ 
iability in basal area indicated that canopy 
height was a relatively unimportant factor in¬ 
fluencing habitat use. Vegetation plots at all 
study sites were dominated by trees in the 
smallest size class (dbh = 5.0-14.9 cm; 
ONE), with locality medians varying from 
233 trees/ha (Sunflower River) to 711 trees/ha 
(Whiskey Bay). The number of small trees 
(ONE) was highly correlated with the total 
number of trees (TREE) on vegetation plots 
(r s = 0.96, P < 0.0001). There was no sig¬ 
nificant difference among sites in the frequen¬ 
cies of medium-sized trees (TWO, THRE, 
FOUR). 

Scattered understory thickets composed of 
tree saplings, shrubs, and vines were the most 
conspicuous characteristic of breeding terri¬ 
tories across the five study sites. The density 
of small woody stems (SHRU) on vegetation 
plots varied from 7,550-104,710 stems/ha. 
Locality medians for understory stems (SHRU 
+ CANE) fell within a relatively narrow 
range of possible values: Sunflower River 
(31,592 stems/ha); Apalachicola River 
(32,585 stems/ha); Whiskey Bay (34,969 
stems/ha); Crowley’s Ridge (44,903 stems/ 


ha); and Pearl River (48,281 stems/ha). The 
number of small trees (ONE) and small 
woody stems (SHRU) was uncorrelated (r s = 
-0.03, P = 0.83). 

High vine densities frequently were asso¬ 
ciated with canopy gaps and successional hab¬ 
itats favored by Swainson’s Warblers. Region¬ 
al variation in median vine density ranged 
from 1,022 vines/ha (Apalachicola River) to 
5,1 1 1 vines/ha (Crowley’s Ridge). The num¬ 
ber of vines (VINE) and small woody stems 
in the understory (SHRU) was not signifi¬ 
cantly correlated (r s = 0.23, P = 0.091). Giant 
cane (CANE) was uncommon at Crowley’s 
Ridge (1 of 6 plots) and the Sunflower River 
(2 of 10 plots), and not observed at Whiskey 
Bay. Although scattered patches of cane oc¬ 
curred on the floodplains of the Pearl and Ap¬ 
alachicola rivers, none was recorded in vege¬ 
tation plots in those areas. 

The number of tree species (TSPE) per site 
ranged from 17 (Sunflower River) to 28 
(Crowley’s Ridge; Table 2). The high floristic 
diversity at Crowley’s Ridge reflected a mix¬ 
ture of taxa restricted in eastern Arkansas to 
loess hills (e.g., Liriodendron tulipifera) with 
those species typical of floodplain habitats 
(e.g., Carya aquatica , Liquidambar styraci- 
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PC 1 (21.8%) 

Small Trees (ONE) Basal Area (BAS) 

Total Number of Trees (TREE) Largest Trees (SIX) 

Tree Species Richness (TSPE) 

FIG. 2. Bivariate plots of 80% confidence ellipses 
surrounding factor scores produced by a principal 
components analysis of physiognomic and floristic 
variables of Swainson’s Warbler habitat. Arrow indi¬ 
cates the direction of component loadings for variables 
that strongly influence the first principal component 
(PC 1). Locality codes: Apalachicola River (AR), 
Crowley’s Ridge (CR), Pearl River (PR), Sunflower 
River (SR), and Whiskey Bay (WB). 

flua). Cumulative species richness at each site 
was uncorrelated with the number of territo¬ 
ries sampled (r s = —0.34, P = 0.34). How¬ 
ever, species richness within plots was posi¬ 
tively correlated with the number of trees 
sampled (r s = 0.34, P = 0.013). Each locality 
was dominated by a different species of tree, 
but no species composed more than 5% of the 
stems (>5 cm dbh) at each of the five study 
sites. The forest canopy at all localities was 
composed primarily of broad-leaved trees, al¬ 
though slash pine (Pinas elliotii ) was frequent 
at the Apalachicola River site. The scarcity of 
hydrophytic species, such as bald cypress 
(Taxodium distichum) and water tupelo (Nyssa 
aquatica), indicated that foraging and nesting 
sites were not subjected to prolonged flooding 
during the growing season (Table 2). Intra- 
and interlocality variation in the flora of ter¬ 
ritories offered additional confirmation that 
the warbler’s breeding biology in floodplain 
habitats was not tied to the presence of a par¬ 
ticular plant species (Graves 2001). 

A principal components analysis of 14 hab¬ 
itat variables yielded three components (ei¬ 
genvalues >1.5), which accounted for about 
half (52.4%) the variation recorded on plots 
in Swainson’s Warbler territories (Fig. 2, Ta¬ 
ble 3). Principal component 1 (21.8% of the 
variance) discriminated vegetation plots with 
large trees (SIX) and high basal areas (BAS) 
from floristically rich plots (TSPE) with many 
small trees (ONE, TREE). Principal compo- 


TABLE 3. Principal component analysis of the 
correlation matrix among 14 physiognomic and floris¬ 
tic variables in 53 plots in territories of Swainson’s 
Warbler in its core breeding range in the lower Mis¬ 
sissippi Valley and along the Gulf coastal plain, 1993- 
1996. Correlation loadings >0.50 or <—0.50 are in 
boldface. Variable codes are presented in Table 1. 


Variables 

PC 1 

PC 2 

PC 3 

BAS 

0.68 

0.03 

0.59 

ONE 

- 0.81 

0.23 

0.36 

TWO 

-0.44 

0.17 

0.23 

THRE 

0.36 

0.40 

-0.18 

FOUR 

0.38 

0.12 

0.03 

FIVE 

0.30 

-0.42 

0.33 

SIX 

0.58 

0.04 

0.51 

TREE 

- 0.78 

0.31 

0.41 

TSPE 

- 0.52 

-0.42 

0.49 

VINE 

-0.03 

- 0.72 

0.33 

VSPE 

0.20 

- 0.53 

0.28 

CANE 

0.30 

0.31 

0.31 

SHRU 

-0.13 

- 0.56 

-0.38 

SSPE 

-0.14 

- 0.71 

-0.29 


nent 2 (17.3% of the variance) represented a 
vine and shrub element separating plots with 
high and low counts of species (VSPE, SSPE) 
and stems (VINE, SHRU). Principal compo¬ 
nent 3 (13.3% of the variance) exhibited pos¬ 
itive loadings for large trees (SIX) and basal 
area (BAS), variables which also figured 
prominently on the first component. Although 
factor scores differed significantly among lo¬ 
calities (Kruskal-Wallis ANOVA of locality 
medians; PC 1: x 2 = 19.90, df = 4, P = 0.001; 
PC 2: x 2 = 26.19, df = 4, P < 0.001; PC 3: 
X 2 = 14.32, df = 4, P = 0.006), the overlap 
of concentration ellipses surrounding factor 
scores indicated that intralocality variability 
accounted for much of the observed variation. 

DISCUSSION 

Understory stem density in early succes- 
sional floodplain forest in the southeastern 
United States frequently exceeds 200,000 
stems/ha (GRG unpubl. data). However, the 
maximum count of stems (SHRU + CANE) 
observed on Swainson’s Warbler territories in 
the core breeding range (104,710 stems/ha) 
and in the Great Dismal Swamp, southeastern 
Virginia (81,400 stems/ha; Graves 2001), was 
about half that value. These data indicate that 
habitat quality is not linearly correlated with 
the abundance of small woody stems. Instead, 
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Small woody stems 
and cane culms (x 1000)/ha 


FIG. 3. Density of small woody stems and cane 
culms in territories of the Swainson’s Warbler: (A) 
pooled data from five study sites in the core breeding 
range reported in this paper, and (B) data from the 
Great Dismal Swamp, southeastern Virginia (Graves 
2001 ). 


a relatively narrow range of stem densities (ca 
30,000-50,000 stems/ha) appears to provide 
high quality cover for nesting and foraging 
throughout its breeding range (Table 1). 
Counts of understory stems (SHRU + CANE) 
pooled across the live study sites in the core 
breeding range (n = 53 territories, median = 
34,773 stems/ha; Table 1) were not statisti¬ 
cally different (Kruskal-Wallis ANOVA. x 2 = 
0.73, df = 1, P = 0.39) from comparable data 
collected with identical sampling techniques 
in the Great Dismal Swamp (// = 30 territo¬ 
ries; median = 36,220 stems/ha; Fig. 3). In¬ 
vestigations at other locations reported a wid¬ 
er range of mean stem densities on breeding 
territories: southern Illinois (small woody 
stems and cane: mean = 26,390 stems/ha; Ed- 
dleman et al. 1980); southern Missouri (cane: 
mean = 61,000 culms/ha; Thomas et al. 
1996); central Georgia (cane: mean = ca 
50,000 culms/ha; Meanley 1966); and South 
Carolina (small woody stems: mean = 99,836 
stems/ha; Hamel 1981). I suspect that a sig¬ 
nificant fraction of this variation may be at¬ 
tributed to marked differences in vegetation 
sampling techniques. The apparent absence of 
giant cane in the Whiskey Bay corridor, per¬ 
haps the premier Swainson's Warbler locality 
in terms of total breeding population, should 
put to rest the hypothesis first proposed by 


Brewster (1885) that cane is an essential com¬ 
ponent of prime habitat. 

Contemporary management strategies for 
the Swainson’s Warbler call for the preserva¬ 
tion of large blocks of unfragmented forest 
(Eddleman et al. 1980, Hunter et al. 1994, 
Mueller et al. 2000), the maintenance and re¬ 
generation of canebrakes (Eddleman et al. 
1980, Thomas et al. 1996), the creation of 
small canopy gaps by selective cutting (Ed¬ 
dleman et al. 1980, Pashley and Barrow 
1993), and the generation of larger (<1.6 ha) 
gaps through clearcutting (Eddleman et al. 
1980). On the other hand, Dickson et al. 
(1993) suggested that populations would ben¬ 
efit by setting aside mature floodplain forests 
and allowing young stands of trees to mature. 
As previously suggested (Graves 2001), data 
from the core breeding range support the hy¬ 
pothesis that Swainson’s Warblers prefer early 
successional forest in the current landscape or 
disturbance gaps in old growth forest. 

In the remainder of this paper I discuss 
some aspects of habitat management for the 
Swainson’s Warbler. First, the hydroperiod of 
reserves managed for this species must be 
compatible with the warbler’s terrestrial for¬ 
aging behavior (Graves 2001). Breeding ter¬ 
ritories are restricted to moist soils, but flood¬ 
ing is a potent determinant of habitat occu¬ 
pancy patterns on local and regional scales 
(Meanley 1966, 1971; Graves 2001). Ideally, 
water levels should be maintained at or below 
ground level from late March through Sep¬ 
tember. Furthermore, annual winter and spring 
flooding should not be so intense as to scour 
and wash away the accumulated bank of leaf 
litter and detritus, which constitutes the criti¬ 
cal foraging substrate on the breeding and 
wintering grounds (Meanley 1970; Graves 
1996. 1998, 2001; Strong 2000). It is unfor¬ 
tunate that a substantial fraction of the re¬ 
maining tracts of floodplain forest on the 
coastal plain and in the lower Mississippi Val¬ 
ley (see map in Twedt and Loesch 1999) is 
subject to annual flooding during the breeding 
season. In essence, the calculation of effective 
area of Swainson’s Warbler reserves should 
begin with the subtraction of chronically 
flooded zones. 

Although the area requirements for viable 
breeding populations of Swainson’s Warblers 
are believed to be substantial owing to its 
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FIG. 4. Physiognomic profile of habitat elements typically associated with breeding territories of the Swain- 
son’s Warbler in its core breeding range: (A) vine “tents” and tangles; (B) small shaded glades carpeted with 
leaf litter; and (C) thickets of shrubs, tree saplings, vines, and Rubus spp. associated with canopy gaps. Giant 
cane (D) is rare or absent from many prime breeding sites in the lower Mississippi Valley. 


large territory size and relatively low popu¬ 
lation density (Eddleman et al. 1980, Brown 
and Dickson 1994, Hunter et al. 1994), the 
degree to which it tolerates forest fragmenta¬ 
tion is unknown. Estimated population densi¬ 
ties reported in this paper ranged from 3.8- 
20.5 males/km 2 . The latter figure represented 
the highest density estimate obtained with 
standardized censuses along linear transects 
>3.5 km in length (GRG unpubl. data). Den¬ 
sities of 5-8 pairs/km 2 are perhaps attainable 
in multipurpose floodplain reserves. Using 
this range of density values as a guideline, 
reserves capable of supporting 500 pairs of 
Swainson’s Warblers would vary in size from 
6,250-10,000 ha, or approximately 2.78—4.44 
times larger than the minimum area require¬ 
ment suggested by Hunter et al. (1994). 

The dense breeding populations (10-20 ter¬ 
ritorial males/km 2 ) of Swainson’s Warblers en¬ 
countered at Whiskey Bay and Pearl River oc¬ 
curred in successional floodplain forest dom¬ 
inated by small (<25 cm dbh) trees (ca 620- 
820 stems/ha) and understory thickets (ca 
35,000-48,000 small woody stems/ha). In 
these localities and many others across the 
warbler’s breeding range (Eddleman et al. 
1980, Brown and Dickson 1994, Thomas et 
al. 1996, Graves 2001), canopy height, basal 
area, and floristics appear to be relatively un¬ 
important factors in habitat selection, provid¬ 


ed that understory requisites are met—which 
explains the warbler’s occurrence in regener¬ 
ating clearcuts as well as in old growth forest. 
Breeding density is far lower (typically <2.0 
males/km 2 ) in taller, more mature forests char¬ 
acterized by a closed canopy and relatively 
sparse undergrowth (<10,000 small woody 
stems/ha; GRG unpubl. data). Territories in 
such habitat typically are centered at large dis¬ 
turbance gaps dominated by luxuriant thickets 
of tree saplings, shrubs, and woody vines (Fig. 
4). 

The attractiveness of closed canopy forests 
to Swainson’s Warblers can be enhanced by 
selective thinning or the creation of small 
clearcuts (Eddleman et al. 1980, Pashley and 
Barrow 1993). Selective thinning, to the ex¬ 
tent needed to simulate optimal habitat, may 
be logistically unfeasible and too labor inten¬ 
sive to be uniformly applied to large (ca 
5,000-10,000 ha) reserves of maturing sec¬ 
ondary forest. The generation of small clear¬ 
cuts, spatially configured to serve as territorial 
nuclei, may be a more practical management 
alternative. The optimal size of clearcuts will 
depend upon the overall quality of the habitat. 
Experimental evidence from the Great Dismal 
Swamp suggests that clearcuts as small as 
0.25 ha (at a density of 25 clearcuts/km 2 ) may 
induce Swainson’s Warblers to colonize mar¬ 
ginal habitat (GRG unpubl. data). Larger (0.5- 
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1.0 ha) clearcuts may be more effective at¬ 
tractors, but a variety of cutting and thinning 
protocols is likely to yield satisfactory out¬ 
comes. 

Habitat management on agroforestry lands 
in the southeastern United States requires a 
different strategy, however, especially with the 
proliferation of high capacity wood chip mills, 
which encourage large scale clearcutting of 
young deciduous forests (trees as small as 7.5 
cm dbh) for pulp. The possibility that the 
Swainson’s Warbler may not perceive agro¬ 
forestry landscapes as excessively fragmented 
is suggested by the documented occurrence of 
breeding in regenerating clearcuts (Eddleman 
et al. 1980, Brown and Dickson 1994, Peters 
1999), young pine plantations (Carrie 1996, 
Bassett 2001, GRG unpubl. data) and large 
disturbance gaps in mature forests (GRG un¬ 
publ. data). In fact, mosaics of regenerating 
clearcuts (6-30 years old) frequently support 
robust breeding populations (Peters 1999; 
GRG unpubl. data). To facilitate colonization 
and occupancy of agroforestry lands on flood- 
plains, pulpwood producers should be encour¬ 
aged to make relatively small (10-20 ha) 
clearcuts on a staggered 25-year cutting rota¬ 
tion. 
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